The provision of anaesthesia and adequate operating conditions in the treatment of infants with congenital tracheal stenosis is particularly difficult when the stenosis cannot be bypassed by tracheal intubation. We describe the management of an infant in which balloon dilation of the trachea and then tracheoplasty under cardiopulmonary bypass were performed.
CASE REPORT
A 3 kg, one-month-old Chinese infant with a large patent ductus arteriosus, associated with a small ventricular septal defect, underwent surgery to ligate the patent ductus. Anaesthesia proceeded uneventfully. There were no apparent problems in intubating with a plain 3.0 mm endotracheal tube nor in ventilating the infant. At the end of the operation the child was extubated. Two days later the child became increasingly distressed with marked inspiratory efforts. Arterial blood gases with an FI02 0.4 were pH 7.13, PaC02 67 mmHg, Pa02 109 mmHg and base excess -11 mmolll. Intubation was unexpectedly difficult as resistance was encountered to the passage of an endotracheal tube more than 2 cm beyond the vocal cords and ventilation became impossible. A size 2.5 mm endotracheal tube was inserted and secured above the obstruction. Controlled ventilation with inflation pressures of 20-25 mmHg and an F I o 2 of 0.3 produced satisfactory blood gases. A chest X-ray excluded pneumothorax, aspiration or pulmonary congestion as causes of the respiratory failure. Echocardiography showed that the patent ductus had been adequately ligated and that left to right blood flow through the small ventricular septal defect was minimal. The diaphragm was seen to move normally on the echocardiograph. It was impossible to prevent the endotracheal tube from moving when the patient was turned during nursing care. At such times ventilation was clearly seen to be inadequate and was corrected by carefully extending the head. Two attempts to wean the intubated infant with CPAP failed due to respiratory distress with marked inspiratory efforts and carbon dioxide retention.
A CAT scan of the trachea performed two days later confirmed the suspicion of tracheal stenosis ( Figure 1 ). The stenosis was reported to be hourglass-shaped, 1.7 cm long with a diameter of 1 mm at its narrowest point ended 1 cm above the carina. Contrast tracheography and bronchoscopy were not performed for fear of precipitating complete tracheal obstruction.
Initially, the parents withheld consent to tracheal surgery but with their approval an attempt was made to dilate the trachea under general anaesthesia with a coronary angioplasty balloon catheter.
No premedication was given. Anaesthesia was induced with intravenous thiopentone 10 mg and maintained with enflurane 1 % in 40% oxygen/nitrous oxide and pancuronium bromide 0.3 mg IV. The lungs were mechanically ventilated. Prior to attempts at tracheal dilatation the lungs were ventilated with enflurane in' 100% oxygen for two minutes. The ECG, intra-arterial blood pressure, rectal temperature and oxygen saturation by pulse oximetry were monitored.
Under X-ray screening a guide-wire was introduced down the endotracheal tube and through the stenotic area. A coronary angioplasty catheter (Advanced Cardiovascular Systems Inc., Temecula, U.S.A.) was threaded over the guide-wire into the stenosis. The balloon is oflow compliance and can be inflated at a pressure of five atmospheres to its predetermined size (2 cm long and 3.5 mm in external diameter) without rupturing it. Diluted contrast medium was used to inflate the balloon to check its position and the inflation pressure was monitored with an interposed pressure gauge. Periods of inflation were limited to one minute while the ECG and pulse oximeter were observed for signs of hypoxaemia. A modification was made to the Portex swivel connector to allow the guide-wire to be left in situ without causing a leak from the breathing circuit. The self-sealing haemostatic valve from a coronary angioplasty set (American Edwards Laboratories, Irvine, California, U.S.A.) was fitted into the suction port of the swivel connector ( Figure 2 ). Unfortunately, the distal 1 cm of the stenosis could not be dilated and the procedure had to be abandoned after three hours.
Later, with parental consent, the stenosis was surgically corrected under general anaesthesia and cardiopulmonary bypass. A median sternotomy approach was made. The bypass was performed at normothermia and without induced cardiac arrest. At operation a 3 cm, thick walled hypoplastic segment with complete cartilaginous rings was found and a tracheoplasty performed. Before closing the tracheoplasty around the endotracheal tube it was replaced by a 3.0 mm tube. A guide-wire Anaesthesia and Intensive Care. Vol. 17. No. I. February. 1989 was passed in retrograde fashion up the nasal ET tube, which was then removed, and a 3.0 mm endotracheal tube was then passed back over the guide-wire through the nose. The procedure lasted two hours with a bypass time of fifty-five minutes. The child was successfully extubated on the first postoperative day.
In the immediate postoperative period the infant did well but one month later developed respiratory failure due to sputum retention with a secondary klebsiella chest infection. This resolved with a short period of controlled ventilation, physiotherapy and antibiotics. A repeat CAT scan at this time showed the narrowest part of the trachea to be 3 mm in diameter. Over the subsequent three months the child remained "chesty" and intermittently required in-patient physiotherapy to clear chest secretions. A further CAT scan at three months postoperatively was unchanged from the preceding one.
DISCUSSION
The diagnosis of congenital tracheal stenosis is commonly delayed or missed since symptoms are nonspecific and the condition is rare. 1 In the case described here the diagnosis was only suspected once the trauma associated with tracheal intubation had inadvertently precipitated respiratory failure after further narrowing an already narrowed trachea.
In congenital tracheal stenosis three morphological types are recognised; generalised hypoplasia, funnel-shaped stenosis and hourglass or segmental stenosis. 2 The tracheal cartilage is abnormal in shape and forms complete rings instead of the usual C shape. Additional pulmonary abnormalities may be present and congenital defects of the oesophagus, skeletal system and heart including ventricular septal defect and patent ductus arteriosus are known associations. 1,2
The relative diagnostic merits of contrast tracheography over air tracheography, fluoroscopy and the CAT scan are debatable. Radiological examination gives more accurate information than bronchoscopy regarding the site and distal end of the stenosis, 3, 4 In severe tracheal stenosis the bronchoscope may not pass through the Anaesthesia and Intensive Care. Vol. 17. No. I. February. 1989 stenosis and trauma of the procedure can acutely worsen the situation resulting in death from unrelievable obstruction.4.5 Additionally, the tracheal reaction to contrast media can further compromise the tracheal lumen 6 and some consider their use contraindicated. 4 Clearly investigative zeal has to be tempered.
At operation the proximal end of the stenosis was able to accommodate the endotracheal tube. The presence of the tube in the CAT scan obscures the proximal end of the stenosis making exact measurements difficult. This explains the discrepancy between the CA T scan and operative findings over the length of the stenosis.
Management of narrow, distal tracheal stenosis in infants is particularly difficult if it cannot he bypassed by intubation. Left untreated, respiratory failure and death invariably occur. 7 Further narrowing or complete airway obstruction may be provoked by inspissated tracheal secretions. 6 The trauma of inadvertent intubation in unrecognised cases or the frequent use of suction catheters causes oedema, bleeding, and subsequent formation of granulation tissue further narrows the airway.1 No problems were noted either with intubation or ventilation during the operation to ligate the patent ductus. It is probable that our manipulations such as intubation and tracheal suctioning at that time were responsible for further tracheal narrowing to a point where respiratory failure developed. The severe narrowing seen on the first CAT scan was probably a result of this and continuing trauma from tracheal suctioning and movement ofthe endotracheal tube within the trachea.
The technique of balloon dilatation of the trachea in treating congenital and acquired tracheo-bronchial stenoses in infants has been described before. 8 • 1O However, in the case described here a long segment with complete cartilage rings resisted dilatation.
During tracheal surgery it is sometimes necessary for anaesthetists to provide the operator with access to the airway by intermittently disconnecting the breathing circuit and interrupting ventilation, at the risk of hypoxaemia or awareness. The modified swivel connector and the use of pulse oximetry allowed us to do this safely without disturbing the precarious position of the endotracheal tube. Ventilation did become difficult when the balloon catheter was introduced down the endotracheal tube and obviously impossible when the balloon was inflated. Preoxygenation before dilatation and limiting the period of balloon inflation are obvious precautions against hypoxaemia and awareness developing. Pulse oximetry gave advance notice of developing hypoxaemia during variable periods of apnoea in the dimly lit X-ray screening room. Humidification of inspired anaesthetic gases and avoidance of antisialogogues is advocated to prevent tracheobronchial secretions becoming inspissated. 1 Conversely, ketamine and isoflurane which provoke tracheobronchial secretions in the absence of an antisialogogue were avoided. Neither the passage of the balloon catheter down the trachea nor tracheal dilatation provoked cardiac arrythmias or bronchospasm.
The use of cardiopulmonary bypass for tracheal surgery in infants and children has been described before."· 12 It was considered appropriate in this case given the extent of the stenosis and size of the patient. Cardiopulmonary bypass provides good operative exposure with full ventilatory support and allows an unhurried repair, particularly for distal tracheal stenoses. 1 2 The technique of tracheoplasty involved making a longitudinal incision anteriorly in the trachea and suturing a rectangular patch of Gortex to the tracheal edges to enlarge the lumen. The stenosis is not resected but widened. This procedure is simple to perform, avoids extensive mobilisation of the trachea and avoids the problems of tension on tracheal growth and tracheal anastomoses. 6 .1 3 Gortex patches, unlike pericardial patches, are not known to become lined with ciliated respiratory epithelium and retention of tracheal secretions may be a later complication. 4 • '4 Postoperatively, the child had one episode of respiratory failure attributable to this and continued to suffer from "chestiness" and sputum retention.
The method of retrograde intubation described was simple to perform and avoided a potentially difficult and traumatic intubation under cover of drapes and bypass tubing. This is an important consideration in a fully anticoagulated patient.
